The paper focuses on the removal of p-nitrophenol by an adsorption process. A magnetic adsorbent was synthesized by encapsulation of magnetic functionalized nanoparticles using alginate as a green biopolymer matrix. A cationic surfactant, cetylpyridinium chloride (CPyCl), was used to confer a hydrophobic character to the magnetic beads and thus to promote their adsorption efficiency. The effect of different parameters such as initial concentrations of both PNP and CPyCl, contact time and solution pH value on the adsorption of PNP in the presence of CPyCl was investigated. It should be noted that combination of magnetic and adsorption properties in a same material is an interesting challenge which could overcome the recovery problems of pollutant-loaded adsorbent. min whereas 90% adsorption was attained within 2 hours. It should be noted that combination of magnetic and adsorption properties in a same material is an interesting challenge which could overcome the recovery problems of pollutant-loaded adsorbent.
Introduction
Sustainable water supply has become a real challenge. Indeed, in today's world, many chemical compounds resulting from human activity are found in water and among them, some act as endocrine disruptors. In order to improve the quality of water, and especially water for human consumption, various processes are developed. Among them, adsorption is widely used for being of low-cost, easy to handle and efficient for the removal of pollutants.
Today, activated carbon (AC) is one of the most efficient adsorbents used in industrial processes of water purification due to its high porosity and very large surface area. Despite its efficiency, its use is limited by process engineering difficulties due to its high regeneration cost and loss of materials during its recovery.
To overcome these limitations, cost-effective and environmental friendly materials such as natural biopolymers have been extensively studied to remove pollutants from water by an adsorption process [1] [2] [3] [4] [5] [6] [7] [8] [9] . Moreover, due to the encapsulation ability of these biopolymers, advanced materials could be developed to perform adsorption process with subsequent separation. In this framework, the entrapment of magnetic nanoparticles in biopolymer matrix has received considerable attention in recent years. Indeed, the use of magnetic adsorbents (called here magsorbents) is a promising way due to their easy and fast removal from water through the application of an external field [10] [11] [12] . Several efficient magnetic adsorbents have been reported in the literature but most of them are especially effective in the removal of cationic or anionic pollutants [13] [14] [15] [16] [17] [18] . The difficulty increases for removing of weakly ionisable or non-ionic organic pollutants. The use of a surfactant, which confers a hydrophobic character to the adsorbent, could be an efficient approach for the removal of such pollutants [19] [20] [21] [22] [23] [24] [25] [26] [27] . If the effects of surfactants on the sorption of organic compounds have been extensively studied for the extraction and preconcentration of various organic pollutants, few studies report the removal of hydrophobic compounds by magnetic adsorbents modified with a surfactant [28] [29] [30] and even less by magnetic biogels. The purpose of this 6 study was thus to provide a material that has both magnetic properties and efficiency in the removal of weakly ionisable organic compounds by using a surfactant; cetylpyridinium chloride (CPyCl) was selected as a representative cationic surfactant and alginate beads with encapsulated magnetic nanoparticles were used as magsorbent. The effect of the pH solution, time contact and initial concentrations of both surfactant CPyCl and pollutant p-nitrophenol (PNP) on adsorption by hydrophobically modified alginate beads was investigated and an adsorption mechanism was proposed. Regeneration experiments were also carried out. PNP was chosen because it is widely used in industries such as high-temperature coal conversion, petroleum refining, and resins and plastics manufacturing.
Experimental

Materials
Alginate is a natural linear polysaccharide extracted from seaweeds. It is constituted from β-d-mannuronate (M) and α-l-guluronate (G) units arranged in blocks rich in G units (G-block) or M units (M-block) separated by blocks of alternating G and M units (MG-block) [31] . In addition, alginate is one of the main encapsulating compounds used in pharmaceutical compositions. The weight average molar weight (M w ) and the number average molar weight (M n ) of the used sodium alginate, obtained by gel permeation chromatography, are respectively equal to 2.07x10 5 [39] . The stability of the ferrofluid is due to the ionisation of adsorbed citrate ions that are deprotonated at the pH value of the ferrofluid (pH ≈ 7.5); the particles are then anionic ones with sodium counterions due to the carboxylate functions of adsorbed citrate. This magnetic material is a polydisperse system of rocklike nanoparticles, which can be described as spheres. 
Desorption experiments
Desorption of PNP from magnetic beads was investigated. For the adsorption step, 7 identical samples were prepared by adding PNP (C 0,PNP =0.124 mmol/g) to a solution containing 1.075g magnetic alginate beads and CPyCl (C 0,CPyCl =1.28 mmol/g), pH solution was close to 6.9. After 3 days shaking, the beads were magnetically separated from the solution and the adsorbed amounts of PNP and CPyCl were determined as previously. The beads were then added to 10 mL of a mixture ethanol/water at various compositions. At suitable time intervals, a magnet was used to collect the magnetic beads and the desorbed amounts of PNP and CPyCl were determined using UV-Visible Spectrophotometry.
Results and discussion
Influence of CPyCl concentration on PNP adsorption
The experimental data of the PNP removal by magnetic alginate beads in presence of increasing initial amounts of CPyCl (C 0,CPyCl ) obtained at pH 6.6 and at 72h from the initial stage are shown in Figure 2 , the initial concentration of PNP was fixed to 0.76 mmo/L. In the following, the amount of added CPyCl will be equal to about 1.2 mmol/g to have a high removal of PNP and to limit the quantity of free surfactant within the solution.
Adsorption isotherm of PNP
Adsorption was built at pH around 6 in presence of a fixed amount of CPyCl (C 0,CPyCl =1.16 mmol.g -1 ) (Figure 4 , left). The maximum amount of adsorbed PNP (Q max,PNP ), close to 1 mmol/g (140 mg/g), is comparable to that of other adsorbents reported in the literature where only activated carbon present a higher adsorption ( [8, [41] [42] [43] [44] [45] [46] [47] ). CPyCl that showed that PNP was better adsorbed in its phenolate form [53] . In the same way, by using a zeolite modified with a cationic surfactant, the adsorption of non ionisable organic pollutants is not pH-dependent while ionisable phenolic compounds are better adsorbed in basic medium due to positive charge of the adsorbent provided by the aggregates of surfactants [20] . Figure 6 (right) and Table 1 show the results of kinetics study for both PNP and CPyCl. As for CPyCl, the rate of adsorption of PNP is rapid initially and then gradually increased before to reach a constant value after 24h. If the two curves have the same shape, the kinetics of the PNP adsorption is slower than that of CpyCl; 50% of PNP removal took place within 5h against 2h for CPyCl. With the method 1, the time required to adsorb PNP is too long to use our magsorbent in a water treatment plant. To make our system more efficient, PNP is added to the system MagAlgbeads/CPyCl equilibrated within 3 days (method 2). In this way, we can observe the real adsorption kinetics of PNP. Initially, it was verified that equilibrium was well achieved in the case of CPyCl. Its concentration was measured in the samples and the obtained values were plotted against time in Figure 7 (left), remaining amounts of calcium ions in the beads were also reported. As expected, the concentrations of adsorbed CPyCl and remaining calcium ions in the beads are constant with time and equal to the values obtained without PNP, the ionic exchange took place and the equilibrium was reached for the surfactant sorption. Table 2 show that 1 min shaking in pure ethanol is sufficient to remove about 50% of PNP.
Ethanol is then a good way for beads regeneration. 
Conclusion
This study showed that the presence of a surfactant significantly enhances the adsorption of a useful in treatment of emerging pollutants in wastewater [54] . In addition, magnetic biopolymer composites are emerging materials and their use in water treatment could result in markedly improved performances features over conventional adsorption methods [55] . The magnetic beads could be quickly separated and recovered using an external magnetic field reducing costs, extraction time and secondary pollution.
